
Abdominal Electromyography
During Micturition

ERNEST BORS, M.D., and KENNETH A. BLINN, M.D., Long Beach

* Electromyographic tracings during micturition were obtained from the
abdominal muscles of volunteer men by means of silver cup electrodes.

Electromyographic tracings of cough, strain and volitional and sphincter
contraction were made before and after voiding on desire and on volition.

While the EMG activity of cough and strain remain unchanged, that of
volitional and sphincter contraction underwent various changes following
both types of voiding.

Before or at the onset of micturition on desire the EMG remained un-

changed in ten of 14 subjects, but with cessation of micturition it remained
unchanged in only seven subjects while it increased in the remaining seven.

Before or at the onset of micturition on volition the EMG remained un-

changed in seven of nine subjects, and with cessation of micturition it
remained unchanged in eight of the nine subjects.

Interruption of micturition increased the EMG activity of six among seven

subjects, but resumption of micturition did not alter the EMG in five of the
seven subjects.

Great variations existed in regard to urinary volume and flow rate.
It is proposed that there is an association of movements between the

abdominal and pelvic floor muscles and that these movements are more con-

spicuous with cessation and interruption than with onset of physiological
micturition.

THE ROLE of the striated musculature during mictu-
rition in general and that of the abdominal muscles
in particular has been a much discussed and contro-
versial subject, ever since opinions were expressed
by LeGros-Clark in 188314 and Genouville in 1894.8
Recordings of muscle activity were then not done;
conclusions were drawn from introspection or other
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observations, but doubt existed whether or not the
abdominal muscles partake in the act of voiding;
LeGros-Clark14 denied it flatly; Genouville8 believed
that these muscles come into play during micturition
on volition or command but not on desire.*

Electromyographic surface recordings of the ab-
dominal muscles of enuretic persons have been per-
formed by Ditman and Blinn.4 The abdominal
muscles did not contract when the individual was

The distinction between volition and desire as used here was
subjective: volition, entirely at the wish of the subject without sense
of urgency; desire, on physical reminder of necessity.
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deeply asleep (as assessed by simultaneous electro-
encephalographic tracings) but did contract when
the patient was in a state of wakefulness.
One of us' started to study the electromyographic

activity of the abdominal muscles of neurologically
and urologically intact persons by means of cup
rather than needle electrodes, during micturition
on desire and volition. The tracings were made with
the subject in the supine position. Inasmuch as the
physiologic posture of the adult male is upright
during micturition, this position was chosen for
the present study.

Material and Methods
A total of 17 adult male volunteers were subjected

to a total of 29 observations. Twelve subjects were
between 20 and 40 years of age; five were above
40. If micturition on desire was to be tested, the
individual was instructed to hydrate himself well
before the electromyographic recording; no hydra-
tion was advised when micturition on volition was
tested. Before and after micturition, the effects of
cough, of strain and of volitional contraction of the
pelvic floor musculature on the electromyogram of
the abdominal muscles were recorded. From the
onset of the test the individual was so positioned
as to be able to urinate freely into the vessel without
supporting it or his penis, thus avoiding movement
artifacts.

Electromyographic recordings were made on a
Grass model IV-B electroencephalograph machine,
using eight of the available 16 channels. Gains used
were 1 centimeter per 100 microvolts for bipolar
leads and 1 centimeter per 150 microvolts for
"monopolar" leads. The paper speed was 3 centi-
meters per second in all recordings. Standard elec-
troencephalogram silver cup electrodes and con-
ducting salt paste were employed because of their
inherent comfort and ease of application. The elec-
trodes were held in place by a recently available
perforated plastic adhesive tape (Bauer and Black)
which allows good adhesion in the presence of salt
paste or perspiration moisture. Four "active" elec-
trodes were placed on the anterior abdominal wall,
overlying the right and left, superior and inferior,
segments of the abdominis rectus muscles. A rela-
tively "indifferent" reference electrode for mono-
polar recording was placed over the right iliac crest
or the anterior/superior iliac spine.

Four bipolar electromyograph leads were derived
from the four active electrodes, and four "monopo-
lar" leads were recorded simultaneously from these
electrodes plotted against the iliac "indifferent"
electrode. Electrocardiographic potentials intruded
upon all recordings of these leads. No attempt was
made to suppress them through electronic tech-

niques, since they did not obscure the electromyo-
graphic potentials to a critical extent.

Instantaneous and continuous recording of the
urinary output was first attempted by having the
urinary stream intersect two wire grids, which were
connected in a bridge circuit to measure the elec-
trical resistance of the urine. This method had to
be abandoned because of electrical interference in
the electromyograph channels, which occurred
whenever the stream was continuous enough to con-
stitute an electrical connection between the subject's
penis and the inputs of the electroencephalogram
machine. All methods of grounding, shielding, volt-
age isolating and "floating the inputs" failed to
resolve this problem. A metal can, used as a urinal
in some of the early experiments, was noted to
respond acoustically to the urinary stream. This
response was used as a signal source, eliminating
all electrical connection between the subject and the
electroencephalogram machine. In lieu of a contact
microphone, the can was fitted with a high-voltage-
output Rochelle salt crystal phonograph cartridge.
A copper wire soldered to the side of the can was
inserted into the needle receptacle of the cartridge.
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Figure 1.-The top eight channels of recording are ab-
domninal electromnyograms, four channels bipolar and
four channels monopolar. Bipolar electrode pairs are des-
ignated as follows: RV=right vertical, LV=left vertical,
SH=superior horizontal, and IH=inferior horizontal.
The monopolar leads are designated according to quad-
rants: RS=right superior, LS=left superior, RI=right in-
ferior, and LI=left inferior. The ninth channel displays
signals from the urinary flow transducer, as described in
the text.
The subject was a iman 55 years of age. The tracings

show high amplitude burst of abdominal muscle activity
accompany coughing and straining. Voluntary contraction
of the anal sphincter is accompanied by less intense but
distinct bursts.
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Figure 2.-The subject was a 23-year-old man. With the

onset ofthe urinary stream (bottom channel) and during
urination as represented by the thickened areas along the
lower line, the existing EMC activity of the abdominal
muscles diminishes, only to increase above the resting
level upon interruption of micturition. These events are
illustrated twice.
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The wire leads from the cartridge were then taped
to the side of the can to stabilize the cartridge
mechanically and to impose a certain amount of
mechanical damping. The signal output from the
cartridge consisted of many high-frequency com-
ponents which could not be recorded fully by the
electroencephalogram oscillograph. In order to re-
duce this high-frequency information to an "energy
envelope" which would accommodate the electro-
encephalogram machine's frequency capabilities, a
signal-conditioning circuit was employed. This con-
sists of a semiconductor diode rectifier and a pi
type filter, shunted by a resistor of proper value
for imposing a decay time-constant appropriate to
rapid "on and off" events within the urinary stream.
The voltage from this network is more than ade-
quate for the electroencephalogram amplifier.
Recorded on a ninth channel of the electroenceph-
alogram machine, the signal appears as a "spiky"
pattern, the amplitude and density of which vary
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Resumption Cessotion

Figure 3.-The subject was a mssan 55 years of age.
These tracings demonstrate that the EMG activity may not
change on resumption of an interrupted micturition, but
increases during the phase of cessation of micturition.
The urinary flow recording (the thickened areas in the
lower line) displays two spurts, each preceded by an
EMG increase. Thereafter, a few drops of urinie are re-
corded.

directly with the flow rate and projectile velocity of
the urinary stream. Individual drops or spurts of
urine are clearly recorded.

This method allows an artifact-free recording of
abdominal electromyographic activity, along with
an exact measure of onset and duration of micturi-
tion and an approximate measure of "strength" of
the urinary stream. The method also has an advan-
tage of permitting the subject to direct the stream in
a normal way, at a relatively unrestricted target.

Observations
Twenty-nine examinations were done in 17 sub-

jects. Micturition on desire was observed in 14
subjects ( 19 examinations) ; micturition on volition
or command was observed in nine subjects (10

Onset Interruption Resumpfion Cessation

Figure 6.-The subject was a 30-year-old man. No
EMG changes accompany onset, resumption and cessation
of micturition; but a clear increase marks the interrup-
tion of the stream. The periods of micturition are shown
by the thickened areas along the lower line.
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Figure 7.-Scattergram of micturition on desire.

MICTURITION ON VOLITION
Onset Cessation

Figure 4. The subject was a man 30 years of age. A
"Cplacid" inicturition (duration shown by thickened area
of lower line) is exemplified by absence of any EMG
changes.
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Onset Interruption Resumption Interruption

Fiigure 5.-The subject was a 31-year-old man. Onset
and resumption of micturition (duration shown as thick-
ened areas of lower line) are not accompanied by changes
in EMG activity. However, pronounced increases coincide
with and outlast interru)tions of urinary jets.
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Figure 8.-Scattergram of micturition on volition.
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examinations); and both forms of micturition were
studied in five subjects.
The electromyogram (EMG), associated with

cough, abdominal strain and volitional anal sphinc-
ter contraction, changed rarely when tracings be-
fore micturition were compared with those after
micturition.

With micturition on desire the following was ob-
served: The "cough" EMG before micturition was
positive in 18 examinations (Figure 1) and was
not tested in one. After micturition, it remained un-
changed positive in 14 examinations and was not
tested in five examinations.
The "strain" EMG before micturition was positive

in 18 examinations and was not tested in one. After
micturition, it remained unchanged positive in 16,
increased in one and was not tested in two exam-
inations.
The "anal sphincter" EMG before micturition was

positive in 14 examinations, was equivocal in one,
was zero in one and was not tested in three exam-
inations. After micturition, it remained unchanged
positive in seven examinations, was equivocal in
two, remained zero in one, was not tested in one,
increased in five and decreased in three examina-
tions.
With micturition on volition the following was

observed: The "cough" EMG before micturition was
positive in ten examinations. After micturition, it
remained unchanged positive in eight and was not
tested in two examinations.
The "strain" EMG before micturition was positive

in ten examinations. After micturition, it remained
unchanged positive in eight, increased in one and
decreased in one examination.
The "anal sphincter" electromyogram before

examination was positive in six examinations, was
equivocal in three and was absent in one examina-
tion. After micturition, it remained unchanged posi-
tive in four examinations, remained zero in one,
increased in one and decreased in four examina-
tions.

Onset and cessation of micturition on desire (14
subjects) altered the EMG as follows: Onset: EMG
changes appeared in four subjects, no EMG changes
in ten subjects. The EMG increased in two subjects,
increased for eight seconds and decreased for three
seconds before voiding in one, and decreased during
voiding in one subject (Figure 2). Cessation: The
EMG increased in seven subjects (Figure 3) and
remained unchanged in seven.

Onset and cessation of micturition on volition
(nine subjects) altered the EMG as follows: Onset:
The EMG increased in two subjects and remained
unchanged in seven subjects. Cessation: The EMG
increased in one and remained unchanged in eight
subjects (Figure 4).

Volitional interruption, resumption and ultimate
cessation of micturition were examined in seven
subjects; in four subjects micturition was studied
on desire, and in three on volition. The EMG in-
creased in three of the four subjects with interrup-
tion of micturition on desire (Figures 5 and 6)
and in all three subjects with interruption of mictu-
rition on volition-that is, six of the seven subjects
showed increased EMG changes with interruption
of micturition. The EMG remained unchanged in
three of the four subjects with resumption of mictu-
rition on desire, and in two of the three subjects
with resumption of micturition on volition-that is,
five of the seven subjects showed no EMG changes
with resumption of micturition.

It should be noted that the same individual who
showed an increased EMG with onset and resump-
tion of micturition showed no increase with inter-
ruption and cessation of micturition. Two subjects
showed an increased EMG with interruption but not
with cessation, and one showed an increased EMG
with interruption and cessation of micturition.
The volumes and flow rates varied greatly; the

volume at micturition on desire ranged from a
minimum of 150 ml to a maximum of 975 ml; the
flow rate ranged from a minimum of 6 ml per
second to a maximum of 22 ml per second. (Figure
7). The volume at micturition on volition ranged
from a minimum of 30 ml to a maximum of 180
ml; the flow rate ranged from a minimum of 1.2
ml per second to a maximum of 12 ml per second
(Figure 8). One subject had the same volume
(150 ml) with both micturitional types: desire and
volition. Of the seven subjects with 18 examinations
only three showed a consistent trend of ratios of
volume to rate of flow. Only three subjects reached
a flow rate of 21 and 22 ml per second during
micturition on desire; one of these had a volume
of 930 ml at the other extreme, another individual
with a volume of 975 ml had a flow rate of 9 ml
per second.

Discussion
The aim of this study was to maintain, as much

as possible, physiological conditions during the
observations. We endeavored to examine events as
they take place naturally rather than to investigate
micturition under such pathological conditions as
obtain from paralysis of parts or all of the striated
musculature associated with this act. (Investiga-
tions of simulated conditions of that kind have been
done by other observers by either pudendal nerve
block" or by curarization.*) For this reason, we
abstained from using needle electrodes' because
they present a more disturbing factor than cup

References Nos. 12, 13, 5, 17, 15.
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electrodes; for the same reason we examined the
subjects in the upright rather than in the supine
position, as was done in a scout study.3 Even with
all precautions, the process of micturition cannot be
called completely physiologic because of the physi-
cal and psychological influences unavoidable in the
experiment. Thus, two persons whose electromyo-
graphic tracings were readily obtained had to be
eliminated because they were unable to urinate
while being watched by the necessary observer in
the control room.

Tracing the EMG effect with cough, strain and
anal sphincter contraction (Figure 1) was originally
intended to establish a base line reading with which
EMG changes could be compared as they might occur
at onset, during and with cessation of micturition.
While it was not surprising to obtain a good EMG
tracing with cough and strain, it was astounding
that this occurred also from anal sphincter con-
traction. This points to an associated facilitation of
pelvic floor and' abdominal muscle movements. Un-
doubtedly this varies between persons; it was pres-
ent in 11 of the 14 subjects, was consistently absent
in one and equivocal in two subjects. The EMG
tracings with cough and strain after micturition
hardly changed from those before micturition,
whether it was micturition of desire or of volition.
Far more changes were observed in the EMG asso-
ciated with contraction of the anal sphincter, which
was used as representative of the pelvic floor. How-
ever, these increases or decreases, following mictu-
rition on desire or volition, varied not only between
persons but also from one time to the next in the
same person, as observed on repeated examination.
This tends to confirm the assumption of Petersen
and coworkers15 who, having demonstrated inter-
individual EMG variations of these muscles with
micturition, suspected intra-individual variation of
function of the pelvic floor musculature.
A majority of persons showed no EMG changes at

the onset of micturition either on desire or volition.
Here, too, intra-individual variations were conspic-
uous on repeated examinations of two subjects, who
showed an inconsistent increase of the EMG activity
at the onset of micturition on desire. A decrease of
the EMG activity (Figure 2) was found only in one;
an increase followed by a decrease of the EMG
activity was seen in another individual. This points,
perhaps, to an associated inhibition of pelvic floor
and abdominal muscle movements. Thus, it would
appear that the phasic contraction of the abdominal
muscles plays a minor role in physiologic micturi-
tion on desire; this was also observed in the pre-
viously reported scout study3 of subjects in supine
positions. Abdominal muscle activity was then not
studied sufficiently with micturition on volition. It
now has been shown that such phasic contraction of

the abdominal muscles is rare also when the onset
of micturition is volitional.

Cessation of micturition on desire was accom-
panied by an increased EMG activity in one-half of
the 14 subjects. At times this could be correlated
with the expulsion of the last urinary spurts
(Figure 3) but in other instances it could not be
correlated. This phenomenon of correlation was
also observed in two of eight subjects of the scout
study.3 The fact that it occurred in only one of the
nine subjects with cessation of micturition on voli-
tion suggests perhaps that detrusor activity and
abdominal muscle activity are differently associated
during micturition on desire and micturition on
volition. The former is set off as a reflex response to
the stimulus of detrusor stretch. (The bladder
volume ranged from 210 to 930 ml.) The events
taking place at expulsion of the last portion of
urine perhaps can be compared with those during
the last phase of labor, when reflex contractions
of the abdominal muscles aid the contraction of the
hollow viscus. Micturition on volition is induced
by cerebral "recall" which triggers the associated
movements of detrusor contraction and pelvic floor
relaxation.9 Thus, no stretch stimulus ever reaches
the level of awareness, because it does not exist.
An excellent sample of "placid" micturition on voli-
tion without any EMG changes at the onset or ces-
sation is shown in Figure 4.

In pursuing the study of association between the
pelvic floor and-abdominal musculature, seven sub-
jects were examined with interruption and resump-
tion of micturition on desire (four subjects) and
volition (three subjects). In concurrence with the
abdominal EMG findings, accompanying volitional
anal sphincter contraction, six of the seven subjects
showed also an increased EMG activity on interrup-
tion of micturition (three on desire, and all on
volition). One of the four subjects had also an
increased EMG activity when micturition on desire
ceased (Figure 5); the recording of the urinary
stream suggests that this event coincided with the
contraction of the ischiocavernosus and bulbo-
cavernosus muscles. Two persons did not show this
effect, although both had an increased EMG activity
with interruption of micturition on desire (Figure
6). In one subject in whom there was increased
EMG activity at the onset of micturition on desire,
there was no such increase on interruption of
micturition. In one person in whom onset of mictu-
rition on volition was not accompanied by increased
EMG activity, resumption of micturition was.

In summing up all these findings it would then
appear that phasic contractions of the pelvic floor
cast their shadow upon the abdominal muscles,
while relaxation of the pelvic floor is far less fre-
quently associated with phasic changes of the ab-
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dominal musculature. The logical conclusion-not
actually tested here-would be that the intra-abdom-
inal pressure should increase when both the abdom-
inal muscles and the pelvic floor muscles undergo
phasic contractions. The various forms of micturi-
tion, "squirting" or "intermittent," as described by
Petersen and coworkers,'5 proceed in spite of
demonstrable EMG activity of the pelvic floor
muscles; it would have been interesting if EMG of
the abdominal musculature had been recorded. A
study combining EMG activity of the abdominal and
pelvic floor muscles would be of greatest interest,
provided cup electrodes were used instead of needle
electrodes.'
The flow rate presented here, cannot be compared

with the curves obtained on uroflowmetry, but rep-
resents only the rate of the total urine volume over
the total time. As in the preceding scout study, the
majority of flow values were below the proposed
average of 20 ml per second'0 or 23 per second16;
they were also below the averages reported by
Drake.6 They compare, perhaps, with the averages
observed in normal women.2 That great variations
of the maximum voiding rate exist2 could be con-
firmed in this study. On repeated examination of
the same seven persons, three showed consistency
between volume and flow rate-that is, an increased
flow rate with a greater volume7-but four did not
show such consistency.

Micturition on desire was differentiated from
that on volition by the subjective sensation of the
patient rather than by the volume, although the
volume on volition stayed below 200 ml. Conversely,
volumes of less than 200 ml elicited the sensation
of desire to micturate in two of the persons in the
study. How much psychic stimuli play a role is
illustrated by the subject who on one occasion
urinated on volition, on other occasion on desire
-the volume of urine being the same both times.
As suggested in the scout study of males in the

supine position, it seems reasonable to assume that
the flow rate in the upright position is also subject
to psychic factors. It would be hard to assess in
which instances embarrassment has been overcome
by "training." This embarrassment was also con-
spicuous in the relatively long time interval between
the command to void and the recorded urinary flow,
irrespective of the type of micturition, desire or
volition. In summary, this study confirms the find-
ings of other investigators,16 namely that variations
of the flow rate exist on repeated determinations.

Veterans Administration Hospital, 5901 East Seventh Street, Long
Beach, California 90804 (Bors).

REFERENCES

1. Abramson, A. S., Roussan, M., Boyarsky, S., and Freed-
man, H. K.: The role of smooth and striate muscle in the
dynamics of voiding; a method of study by combined cys-
tometry and electromyography. 11th Annual Spinal Cord
Injury Conference, Bronx Veterans Administration Hospital,
New York, Oct. 23-25, 1962, (pp. 107-117).

2. Arbuckle, L. D., Jr., and Paquin, A. J., Jr.: Urinary
outflow tract resistance in normal human females. Investi-
gative Urology, 1:216-228, November, 1963.

3. Bors, E.: Some anatomical and physiological aspects of
urinary bladder function. Symposium Spinal Injuries, Roy.
Coll. Surg., Edinburgh, June 7-8, 1963.

4. Ditman, K. S., and Blinn, K. A.: Sleep levels in
enuresis, Am. J. Psychiat., 111:913-920, June, 1955.

5. Dortenmann, S., and Bauer, K. M.: Untersuchungen
uber den Einfluss der quergestreiften Muskulatur auf die
Blasenfunktionen mit Hilfe eines Muskelrelaxans, Die
Medizinische, 15:528-532, April 9, 1955.

6. Drake, M., Jr.: The uroflowmeter: an aid to the study
of the lower urinary tract. J. Urol., 59:650-658, 1948.

7. Garrelts, B. v.: Micturition in the normal male, Acta
chir Scand., 114:197-210, 1957.

8. Genouville, F. L.: La contractilit6, du muscle v6sical
a l'6tat normal et a l'6tat pathologique. Etude clinique et
pathologique, These, Facult6 de Medicine de Paris. Asselin
et Hazeau, Paris, 1894.

9. Hinman, F., Jr., Miller, G. M., Nickel, E., and Miller,
E. R.: Vesical physiology demonstrated by cineradiography
and serial roentgenography, Radiology, 62:713-719, May,
1954.

10. Kaufman, J. J.: Uroflometry in urological diagnosis.
California Medicine, 95:100-103, Aug., 1961.

11. Lapides, J., Gray, H. O., and Rawlings, J. C.: Func-
tion of striated muscle in control of urination. 1. Effect of
pudendal block. Forum on fundamental surgical problems,
Clin. Congress of the Amer. Coll. of Surg., 6:611, 19655.

12. Lapides, J., Sweet, R. B., and Lewis, L. W.: Function
of striated muscle in control of urination. 2. Effect of com-
plete muscle paralysis. Forum on fundamental surgical
problems, Clin. Congress of the Amer. Coll. of Surg.,
6:613, 1955.

13. Lapides, J. Sweet, R. B., and Lewis, W.: Role of
striated muscle in urination, J. Urol., 77:247-250, Feb., 1957.

14. Le Gros-Clark, F.: Some remarks on the anatomy and
physiology of the urinary bladder, and of the sphincters of
the rectum, J. Anat. and Physiol., 17:442-459, July 1883.

15. Petersen, I., Stener, I., Sellden, U., and Kollberg, S.:
Investigation of urethral sphincter in women with simulta-
neous electromyography and micturition urethrocystography,
Acta neurol. Scandinav., Suppl. 3, 38:145-151, 1962.

16. Scott, R., Jr., and Mcllhaney, J. S.: Voiding rates in
normal adults, J. Urol., 85:980-982, June, 1961.

17. Scult6ty, S., and Abrindi, E.: Wirkung der Muskel-
relaxantien auf die Blasenfunktion. Zschr. f. Urol., 53:103-
109, March, 1960.

22 JANUARY 1965 * 102 * 1


